lengthened gestation terms (Waller and Fribourg, 2002; Hemken et al., 1979). The U.S. economic loss in beef 
hanced drought tolerance of endophyte-infected tall fesvariable was the stocking rate. The critical infestation level decreased cue due to the presence of the endophyte (Arachevaleta dramatically to 25% at a stocking rate of 4.0 head ha Ϫ1 and increased et al., 1989) . Also, endophyte-free varieties are more susdramatically to 93% at a stocking rate of 0.82 head ha Ϫ1 . Since infestaceptible to certain herbivorous insects, parasitic nemation levels are often Ͼ70%, these results imply that for many livestock todes, and pathogenic fungi (Jeger, 1999) . Researchers producers pasture replacement might be profitable compared with have experienced difficulties establishing endophyte-free retaining endophyte-infected fescue stands.
stands, particularly under conditions such as the drought of 1988 (Chestnut et al., 1991) . Also, endophyte-infected tall fescue plants tend to yield greater forage dry matter T all fescue [Lolium arundinaceum (Schreb.) Darcompared to endophyte-free controls (Bouton et al., bysh ϭ Festuca arundinacea (Schreb.)] is commonly 2002). Thus, although endophyte-free tall fescue is betused for beef cow/calf production (Hoveland et al., ter for the health and performance of grazing animals, 1997), occupying nearly 10 million ha in the southeastern endophyte-free tall fescue is not as hardy, persistent, or and east-central regions of the USA (Hannaway et al., productive as endophyte-infected tall fescue. 1999). Although tall fescue is a well-adapted pasture grass
In recent years novel, nontoxic endophytes have been in the USA, it has a reputation for causing poor perforintroduced into tall fescue breeding stock, and the remance by grazing livestock because of the presence of the sulting cultivars have appeared benign to grazing cattle fungal endophyte Neotyphodium coenophialum (Lomas (Bouton et al., 2002) . Initial performance assessments of et al., 1999), originally identified as a seedborne symbiont these materials appear promising but variable (Bouton in cultivar Kentucky-31 and its derivatives (Bacon et al., et al., 2002) , so additional studies are needed to fully 1977). Animals grazing on tall fescue infected with this address the economics of these new cultivars. Then, the endophyte often develop physiological disorders that relative economic benefits of nontoxic endophytes can reduce animal performance and profitability. Poor catbe compared with those of endophyte-free cultivars as tle performance is exemplified by reduced weight gains, analyzed in this study. lower milk production, poorer conception rates, and
Published benefit-cost analysis does not take into account endophyte effects on animal fertility. There is in- centration (Gay et al., 1988) . Danilson et al. (1986) (Standaert, 1987 not been previously assessed. These results are particutypes organized by weight are specified in Table 2 .
larly important due to the widespread use of tall fescue The costs of reestablishing pastures include the initial investment, which involves destroying existing pastures, planting whereby half of newborn calves are assumed male (c si ) and corn, and seeding with an endophyte-free fescue and clover half female. We assume that all steers are sold. mix. Other costs include maintenance costs, which are incurred after the initial investment.
[2] Table 1 lists the initial investment during the first year. This identifies the heifer group sold after subtracting heifers used includes costs for destroying existing stands and reestablishing for replacement (r i ). Replacement heifers can be sent back to pastures with clover and noninfected fescue. In Table 1 , each the original herd or sold. hectare is charged an expense for destroying the existing fescue with two applications of the herbicide paraquat (methyl vioc ri ϭ r i Ϫ c ci [3] logen; 1,1Ј-dimethyl-4,4Ј-bipyridinium ion). Corn (Zea mays L.) to be used for silage is then planted as a rotation crop to enidentifies the replacement heifer group sold after subtracting the heifers used for replacement within the farmers' original sure infected plants will not emerge into new fescue stands. Based on farmers' opportunity costs associated with pasture herd. This number may be negative in some cases, implying that heifers are purchased to maintain a constant number of heifers. renewal, each hectare is charged for pasture rent while corn is planted; farmers must either move their cattle to alternative Following Schmidt and Danilson's (1986) research, we assume that baseline calving rates (c i ) equaled 90, 82, and 55% pastures, buy more feed, or raise their stocking rates on nonrenewed hectarage. Since pastures are to be seeded with nonwhen the infestation level ranged from 0 to 20%, from 30 to 70%, and from 80 to 100%, respectively. We also assume infected fescue and clover (Trifolium sp.) in the fall, the corn that replacement rates (r i ) equaled 15, 20, and 25% when the The formula for determining reestablishment benefits per infestation level equaled the above ranges, respectively. year follows: We next define s as the season average stocking rates, for rb i ϭ gr 0 Ϫ gr i [5] example, the number of head per hectare, which is assumed in the baseline analysis to be 1.20 head ha Ϫ1 (www.uky.edu/ where the variables rb i and gr i are the reestablishment benefits Agriculture/AnimalSciences/extension/pubpdfs/kybeefbook11. and gross revenues, respectively, at infestation level i, ranging pdf; verified 17 Jan. 2005). Thus, the gross revenues per hectfrom 0 to 100%. Using Eq.
[5], reestablishment benefits (rb i ) are for each infestation level may be calculated as the sum of were calculated and listed in Table 3 . sales income from these four animal types. Considering that the sales income for each animal type is obtained by multi-
Net Present Value and Standaert's Model
plying its ending weight (w li ), price (p l ), proportion per cow unit (c li ), and the stocking rates (s ϭ 1.20 head ha Ϫ1 ), the total The net present value (NPV) of the economic returns and gross revenues per hectare at infestation level i is calculated as:
costs for a farmer's investment to replace endophyte-infected pasture with endophyte-free tall fescue at a specific discount gr i ϭ s ͚ w li p l c li [4] rate (d ϭ 0.10) and specific pasture stand life (N ϭ 12) follows: for each animal type l ϭ s,h,c,r at infestation level i.
Given various infestation levels i, w li , and c li parameter levels
are adapted from Standaert (1987) and Murrell (1997) . Using Eq.
[4], gross revenues per hectare (gr i ) at infestation level i are computed and listed in Table 3 . where Inv 0 is the initial investment ($404.70, as identified in Cattle producers considering replacement of endophyte-infected with endophyte-free tall fescue pastures Table 1 ) during the first year, and mc t is the maintenance cost should base their decisions on the net present value differences at year t of replacing endophyte-infected with en-(NPV) for these options. According to the above fordophyte-free pastures. Here we assume that the maintenance mulas and assumptions used to calculate NPV and the cost of endophyte-infected pastures equals the maintenance critical infestation level (I cr ), if the percentage of endocost of the replaced pastures; thus, mc t ϭ 0. We recognize phyte in pastures falls below 74%, then pasture replacethat there may exist cost differences between infected and ment is not economically profitable as shown in Table 4 endophyte-free pastures, and such cost differences can be eas- retaining endophyte infected fescue stands. The large jump in NPV between the 70 and 80% in-
festation levels reflects the large differences in calving rates (fertility) of cows grazed on 30 to 70% infested pas- available for a more continuous spectrum of infestation Therefore, the criterion for pasture restoration is the followlevels. Whenever such data are available they can be ing: If the current infestation level is greater than I cr , then it readily incorporated in our model.
will be profitable to replace endophyte-infected tall fescue pastures with an endophyte-free mixture. and initial investment of replacement). Results are listed in Table 5 . Upon decreasing the discount rate from Sensitivity Analyses 0.10 to 0.05, we find that the NPV increases and that the critical infestation level decreases to 71%. Upon Sensitivity analyses were conducted to provide more information to farmers. The profitability of reestablishing pastures increasing the discount rate from 0.10 to 0.15, we find with an endophyte-free variety of tall fescue and clover dethat the NPV decreases and that the critical infestation pends on several factors. Our sensitivity analyses were conlevel increases to 77%. We then adjust the pasture stand ducted by altering individual variables, while holding others life from 12 yr in the baseline analysis to 9 and 15 yr, constant. The variables altered in these sensitivity analyses were respectively. When the pasture stand life is reduced to the discount rate, the pasture stand life, the stocking rates, the 9 yr, the NPV decreases and the critical infestation level final product prices, and the baseline calving rates.
increases to 76%. When the pasture stand life is inFor our baseline analysis, a discount rate of 0.10 was used creased to 15 yr, the NPV increases and the critical to calculate the NPV with results presented in Table 4 . Theoretically, raising the discount rate would lower the NPV and infestation level decreases to 73%. therefore increase the critical infestation level (I cr ). A discount We then adjust the stocking rate from 1.20 head ha Ϫ1 rate of 0.05 and 0.15 were used in these sensitivity analyses in the baseline analysis to 0.82 and 4.00 head ha
Ϫ1
, reto determine the effects on the NPV and the I cr .
spectively. When the stocking rate is reduced to 0.82 A pasture stand life of 12 yr was used in our baseline analyhead ha
, NPV decreases and the critical infestation sis. For our sensitivity analyses, 15 and 9 yr, respectively, were level increases to 93%. When the stocking rate is inused to determine the effect of the pasture stand life on NPV creased dramatically to 4.0 head ha Ϫ1 , the NPV increases and I cr . We expect that an increase in stand life will increase and the critical infestation level decreases dramatically NPV and thereby lower the I cr , whereas a decrease in stand life will decrease NPV and thereby increase the I cr .
to 25%. This indicates that the stocking rate is a very 
